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TELECINE SYSTEMS 

The present invention relates to the optical 
scanning of photographic, in particular cinematographic, 
film to produce electrical signals corresponding to the 
images stored on the film, for example for television 
pictures or video recordings. 

Machines to produce such electrical signals from 
motion picture film, generally referred to as "telecine 
machines" have been known for many years. References 
indicate that such a process was known in the 1920 «s and 
used by John Logie Baird. Examples of current telecine 
machines include the "URSA Diamond" manufactured by 
Cintel International Ltd. of Ware, Hertfordshire, and 
the "SPIRIT Datacine" from Philips of Darmstadt; 
Germany. 

A problem that exists in the use of such machines 
concerns the visibility in the final television or video 
image of damage on the original film. Cinematographic 
film is very fragile, and the emulsion layer which 
carries the image can be easily damaged in use by 
particles of dust, handling, friction, abrasion, and in 
other, ways . Damaged areas of the film are immediately 
noticeable to the eye as light incident on the damaged 
region is scattered by the uneven surface of the film at 
that point and the consequent difference in the 
ef feet ive 1 thickness of the film. 

Many methods are, used to minimise the effect of 
damage on the video images obtained from film. One 
widely known technique involves the use of a so-called 
'wet gate' . Such systems are made by Petexson of 
Wheeling, Illinois, USA. According to this technique 
the film is not scanned. in air, as would be the normal 
case, but in a glass tank filled with a liquid of the 
same optical refractive index as the film emulsion. 
Thus, the optical effect of the liquid is to fill the 
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involved in the manufacture of these integrating 
cylinders, which are very costly to produce, and 
inevitably have some variation in 'the evenness of light 
emitted across the slit. 

US patent 4; 937,614 teaches the use of an 
anisotropic diffusing lens disposed between the 
transparent original and the light source for diffusing 
light only in one direction for the case where the 
defects are scratches running along the length of the 
film. Yet again the manufacture of such anisotropic 
diffusing elements poses many practical problems . 

According to" an invention disclosed herein there is 
provided apparatus for the scanning of cinematographic 
film to produce electrical signals characteristic of the 
amount of light transmitted by the film, the apparatus * 
comprising collecting means for redirecting light 
scattered by damage to the surface of the film towards a 
photodetector . 

The applicant has realised that in conventional 
scanning systems with point light illumination, because 
scattered light is not collected, the scratched and 
damaged areas are visible in the final image, as less 
light is collected from these regions. Thus, in 
accordance with the invention, rather than scanning the 
film with diffuse light and collecting it at a point 
detector, the film may be illuminated with light from a 
point source and the scattered light from the damaged 
film may be collected. In this way, the visibility of 
damage to the film to be scanned, in particular to the 
emulsion thereof, in the resultant electrical image may 
be reduced. " < r 

Thus; according to an invention diseased herein 
there is provided a method of compensating, during the 
scanning of cinematographic film to produce electrical 
signals characteristic of the amount of light ; 
transmitted by the : film, for the effect of damage to the 
surface of the film, wherein light is applied to the 
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Alternatively, one or more additional photodetectors may 
be provided in addition to the main photodetector 
receiving un-scattered light, which additional 
photodetectors receive -and detect the. scattered light. 
Such additional photodetectors will generally be 
arranged off the optical axis of the optical system of 
the apparatus . 

Thus, according to an invention disclosed herein 
there is provided apparatus for scanning cinematographic 
film to produce electrical signals characteristic of the 
amount of light transmitted by the film, the apparatus 
comprising a main photodetector arranged on an optical - 
axis perpendicular to the plane of the film for 
receiving light transmitted by the film, and at least 
one additional photodetector arranged off the optical 
axis for receiving light scattered by damage to the 
surface of the film. 

The additional photodetector (s) may be arranged on 
the same side of the film as the main photodetector in 
order to receive light scattered on transmission through 
the film, or : the additional photodetectors may be 
arranged on the opposite side of the film to the main 
photodetector in order to receive back- scattered light 
from the film- Of course, both of these arrangements 
may be used simultaneously. Collecting, means may be 
provided to direct the scattered light to the additional 
photodetectors. w r . 

The electrical signals from the additional 
photodetectors registering transmission scattering may 
be added into the electrical signals f rom ;the main 
photodetector. Alternatively;- the electrical signals 
from the additional photodetector may bemused as an 
index of the amount of scattered light, with the 
electrical signals from the main photodetector boosted 
accordingly. In the case of an additional 
photodetector (s) registering. back T scatt ; ered light the 
'electrical signals f rom this, detector may be used to 
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which is escaping from the primary optical system and 
may redirect it back into the primary system for 
detection by the primary detecting means. 

According to a further development of the 
invention, the optical path from the film to the 
photodetector (s) may be substantially enclosed by a 
reflective enclosure. In this way, the light 
transmitted by the film can only be absorbed by the 
photodetector, because no other light -absorbing surfaces 
are provided along the optical path. Thus, according to 
an invention disclosed herein, there is provided 
apparatus for converting cinematographic film to 
corresponding electrical signals, wherein the optical 
path from the film to at least one photodetector is 
substantially enclosed by an enclosure having an 
optically reflective inner surface. 

In addition, it is desirable for the optical path 
between the film and the photodetector (s) to be as short 
as possible so that less opportunity is provided to the 
light to scatter or be absorbed. 

Thus, according to an invention disclosed herein, 
there is provided apparatus for the conversion of 
cinematographic film to corresponding electrical images, 
the apparatus having a direct linear path from the film 
to ,at least one photodetector for light transmitted by 
the film. In .this way, the optical path from the film 
to at, least one photodetector is not bent by mirrors, 
and thus light is not absorbed by the mirrors, which in 
practical systems are less than perfect reflectors. 
Furthermore, a compact arrangement * of the photodetector 
apparatus c%n be provided. 

The apparatus may comprise more thar^one 
photodetector, for example one photodetector for each of 
a plurality of colour components of the light 
transmitted by the film, such as red, green and blue . ' A 
chromatically selective beam splitter, such' as a 
dichroic mirror, may be provided in the linear path to 
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described by way of example only and with reference to 
the accompanying drawings, in which: 

Figure 1 is a schematic view of a light ray passing 
through a section of undamaged film; 

Figure 2 is a schematic view of av light ray passing 
through a section of damaged film; * 

Figure 3 is a view of the optical path in a 
conventional telecine machine scanning a section of 
undamaged film; 

Figure 4 is a schematic view of the optical path in 
a conventional telecine machine scanning a section of 
damaged film; 

Figure 5 is a schematic view of the optical path in 
a telecine machine according to an embodiment of .the 
invention scanning a section of damaged film; 

Figure 6 is a schematic view of a light ray passing 
through a section of damaged film in a telecine machine 
according to a further embodiment of the invention; 

Figure 7 is a schematic view of a light ray passing 
through a section of damaged film in a telecine machine 
according to yet a further embodiment of the invention; 

Figure 8 is a schematic view of the optical path in 
a conventional telecine machine relative to the deck 
plate thereof; and 

Figure 9 is a schematic view of a yet further 
embodiment of the invention. 

Figure 1 shows a portion of cinematographic film 1 
undergoing a scanning process in a telecine machine. 
The film 1 is composed of a backing layer la, usually of 
cellulose material, and an emulsion layer lb. The ;. : 
backing layer la provides the film with its physical 
strength and the emulsion layer lb contains the picture 
information in the form of regions having differing 
light transmission characteristics. 

The telecine machine operates in a known manner by 
directing a focused beam of light at a small region, or 
"pixel", of the f ilm 1- from one side of the film and 
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the surface of the indentation 5 is not parallel to the 
rest of the surface of the emulsion layer lb. Thus, as 
the light passes from the surrounding air into the 
emulsion layer, the change in refractive index causes 
the light to bend, dependent ok" the angle* of incidence 
of the light 3 on the surface of the indentation 5. The 
effect of the irregular surf ace of the indentation 5 is 
that scattered light emerges from the backing layer la 
of the film. Because the light is scattered in a large 
number of directions, a proportion of the transmitted 
light will not reach the photodetector, which is 
arranged to receive light passing undeviated through the 
film 1. Thus, the photodetector will register a lower 
transmission for the scratched portion of film than is 
actually the case, and the scratch will appear darker on - 
the final converted electrical image. In fact, ' the 
scratch should appear lighter than the surrounding image 
as a portion of the emulsion layer lb has been removed 
in forming the indentation 5, and thus the attenuation 
capability of this portion of the emulsion lb has been 
reduced. 

Figure 3 shows the optical path in a known telecine 
machine based on the popular URSA telecine machine 
manufactured by Cintel Ltd., of Ware, Hertfordshire, 
England. However, the invention may be applied easily 
to other designs of telecine. 

According to this figure, light source 7 produces 
light 3 which is reflected by a mirror 9 . The light 3 
passes through a gate focus arrangement 11- which focuses 
the light onto the cinematographic film 1, "which in this 
case is not damaged, and therefore does not scatter the 
light. The light transmitted by the film%l is collected 
by a lens 13, which directs the light onto a further 
mirror 15. The mirror 15 directs the light through a 
collecting lens 17, and onto a photodetector (not 
shown) . The mirrors 9 and 5 in this arrangement merely 
serve to fold the light path in order to produce an 
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collects the light that would otherwise be scattered and 
lost and recombines this scattered light with the rest 
of the transmitted light. This Figure shows a section 
through the optical path, and thus the conical mirror 19 
shown is actually a continuous f rust'o-conical shell. 
Collection of the light that would have been lost to the 
photodetectors by scattering using the conical mirror 19 
ensures that damaged areas of the film 1 are reproduced 
in a similar manner to areas of undamaged film of equal 
density. 

The conical mirror 19 shown in Figure 5 ensures 
that all of the light scattered by film damage is 
directed to the photodetector . However, it has been 
found that any arrangement that redirects only some of 
the scattered light to the photodetector exhibits a 
significant improvement in the quality of the resultant 
images over known systems. Thus, it is not necessary 
for a mirror such as the conical mirror 19 to completely 
circumscribe the film frame 1. Indeed, in situations 
where the damage to the film is in the form of scratches 
running parallel to the transport direction of the film, 
mirrors may only be required parallel to this direction, 
as most scattering will occur in direction perpendicular 
thereto . 

Figure 6 shows a schematic view of a further 
embodiment of the present invention. In this case, the 
light scattered by the damage 5 to the film 1 is 
collected, not only by a single photodetector 21 such as 
is already used in known systems, but also by two 
bundles of °P tical fibres arranged symmetrically about 
the optical axis 23. The bundles of optical fibres 23 
direct the scattered light to additional\photodetectors 
25 which convert the received scattered light levels to 
electrical signals. The electrical signals 
corresponding to the scattered light may then be added, 
in the analogue or digital domains, to the signal from 
the main photodetector', so as to achieve* a resultant 
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can be calculated. This process makes scratches less 
visible in the" resultant electronic image, as the . 
density error caused by back- scattering causes signals 
from this area to be incorrect so that they appear* as 
discontinuities relative to the neighbouring areas.. 

Figure 8 shows schematically the optical path of 
Figure 3 in relation to the deck plate 2 9 of a 
conventional URSA telecine machine. The deck plate 29, 
shown in section in Figure 8 , is the component of the 
telecine machine relative to which other components are 
fixed. The deck plate is tilted at around 15° to the 
vertical so that the upper edge of the plate 29 is 
further away from the telecine operator than the lower 
edge . ; 

As shown in Figure 8, the light beam 3 (or flying 
spot) is produced by a light source 7, in the form of a 
cathode ray tube, behind the deck plate 29 . The light 
beam 3 passes through an aperture in the deck plate 2 9 
and is deflected by mirror 9 towards the film 1. For 
reasons of simplicity, the gate focus arrangement 11 of 
Figure 3 is not shown in Figure 8. Having passed 
through the film 1, the light beam 3 is focused by a 
lens. 13 and then deflected by a mirror 15 back through a 
further aperture in the deck plate 2 9 towards the 
detector 31, via a further lens 17. The detector 31 
comprises photomultipliers and dichroic mirrors to split 
the light beam 3 into its component colours (red, .green, 
blue) and detect each colour. 

Figure 9 shows" an apparatus according - to an 
embodiment of the invention mounted to the deck plate 2 9 
described in relation to Figure 8. The vi/ew of Figure 9 
is a front view relative to that of Figur^ 8 which is a 
sectional view from one side. The apparatus shown in 
Figure 9 replaces the mirror 15, lens 17 and detector 31 
.of Figure 8 . ' " 

According to this embodiment of the invention, the 
light beam 3 from the light source 7, once deflected by 
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the mirror 9. passes through the film 1. A gate focus 
arrangement i as described in reiation to Figure 3 m*y 
Z provided in this, embodiment , but is not shown n 
Figure 9 . As. shown partially in Figure 9, the film 1 

Figure . „,•>■>» fixe d relative to the 

5 ■ .provided; from. a. feed reel 33a, fixed re , 

, through a series of rollers to the 

deck plate 29. through ta ke-up reel 33b also 
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" : :ran y 9 scattered ligbt Once the ligbt has pas ed 

trough £1 t : red light towards a 

, dichroic mrror^sa which ...^ ^ 

, photodetector 21r via a 1^"^ blue a nd green 

green ligbt to pass -^f^J^hroic miiror 35b 

• Z via a ens 12b. while allowing the green light to 

pass undeviated to a photodetector 21g. via a ens 12g. 

, o i7r 1-7Q and 17b may be fresnel lenses. 

25 r Twill be seen that the apparatus of the ' 

^k^nt provides a much more compact optical path 

If" that of the conventional telecine machine shown m 
than that of along the opClca l 

TJIhan irthl cas " ith the conventional machine. Xn 
30 path than is the ^ systems 

particular, it has been in che signal 

a ioss :%atfo^rr trb il: *- . * 

deflected by a mirror, as even the best mirrors are not 
deflecteo y ^ apparatus o£ this 

35 perfect reflectors of lig convention al 

embodiment, the mirror 15 of the c thus 
arrangement shown in Figure 8 is not requir 
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the light loss associated with that mirror does not 
occur . 

In an enhancement of this embodiment, the inner 
surfaces 37 of the apparatuis aire provided with a 
reflective coating, rather than a conventional matt 
black coating, in order that any scattered light will be 
reflected back into the body of the apparatus to be 
detected by one of the photodetectors , 21r, 21g, 21b. 
Even though the scattered light reflected by the walls 
37 of the apparatus may not be detected by the 
appropriate photodetector to its colour, it has been 
found preferable, in terms of the visual- effect of the 
final electronic image, for as much light as possible to 
be detected and converted to electrical signals, 
regardless of whether the derived electrical signals 
completely accurately represent the colour composition 
of the light transmitted by a particular portion of the 
film 1. In other words, if scattered light is lost to 
the photodetectors, detail will be lost in the final 
electronic image, but by collecting as much scattered 
light as possible this detail can be maintained, even if 
not in the correct colour composition. Slight artefacts 
in colour composition can be corrected electronically in 
the final electronic images, but it is much more 
difficult to add missing detail. 
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claims 


1. Apparatus for the scanning of cinematographic film 
to produce electrical signals characteristic of the 
amount of light transmitted by the film, the apparatus 
comprising collecting means for redirecting light 
scattered by damage to the surface of the film towards a 
photodetector . 

2 . Apparatus as claimed in claim 1, wherein the 
collecting means is reflective. 

3. Apparatus as claimed in claim 2, wherein the 
collecting means is arranged to optically enclose the 
scattered light. 

4 Apparatus as claimed in any preceding claim, 
wherein the photodetector is arranged to receive both 
scattered light redirected by the collecting means and 
light which has not been scattered. 

5 Apparatus as claimed in any of claims 1 to 3, 
comprising a further photodetector for detecting light 
which has not been scattered. ■ 0 - 

6 Apparatus for scanning cinematographic film to 
produce electrical signals characteristic of the amount 
of light transmitted by the film, the apparatus " 
comprising a main photodetector arranged on an optical 
axis perpendicular to the plane of the" film for 
receiving light transmitted by the film, and at least 
one additional phbtodetector arranged off the optical 
axis for receiving light scattered by damage to the 
surface of the film. . 

7 Apparatus for the conversion" of cinematographic 
film to corresponding electrical images, having a direct 


■ • 
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linear path from the film to at least one photodetector 
for light transmitted by the film. 

8 . Apparatus as claimed in any preceding claim, 

5 wherein internal surfaces of the apparatus enclosing the 
optical path between the film and at least one 
photodetector are provided with a reflective surface. 

9. Apparatus for converting cinematographic film to 
10 corresponding electrical signals, wherein the optical 

path from the film to at least one photodetector is 
substantially enclosed by an enclosure having an 
optically reflective inner surface. 

15 10. Apparatus for the conversion of cinematographic 
film to corresponding electrical signals comprising 
first, second and third photodetectors, wherein the 
first photodetector is provided on a linear optical path 
substantially normal to the film plane, and a first 

2 0 dichroic mirror is provided in said linear optical path 
to divert a colour component of light transmitted by 
said film to said second photodetector and a second 
dichroic mirror is provided in said linear optical path 
to divert a further colour component of light 

25 transmitted by said film to said third photodetector. 

11. A method of compensating, during the scanning of 
cinematographic film to produce electrical signals 
characteristic of the , amount of light transmitted by the 

30 . film, for the effect of damage to the surface of the 
film, wherein light is applied to the film along an 
optical r axis substantially perpendicular \£o the plane of 
the film and the light scattered by damage to the 
surface of the film is detected, in addition to the 

35 . . light transmitted by the film along the optical axis. 
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12 A method of processing cinematographic frlm to 
produce electrical signals corresponding to the amount 
of light transmitted by the film, wherein Irght is 
Spiled to the film along an optical axis substantially 
perpendicular to the plane of the film; Irght 
transmitted by the film is converted to a first 
electrical signal by a first photodetector positioned on 
the optical axis,- light scattered by imperfections ^ 
t^e film is converted to a second electrical signal by a 
s econa photodetector, and the first electrical signal is 
"^ensated for the effect of the scattered light with 
reference to the second electrical signal. 

13 A method of scanning cinematographic film to 
produce electrical signals characteristic of the amount . 
of SgL transmitted by the film, in which a *™ 
optical system is arranged such that 

within a first cone of scattering of the light by tne 
fi^ is detected, and a secondary optical system is 
film is aetecte , wit hin a second cone of. 

orovided to detect light lying witnn 

scattering of the light by the film and outside o the 
first con!, so as to compensate for excessive scattering 
due to damage to the film. ; ;• 

- w ^ k« rarrv out the method of any of 
14. Apparatus adapted to carry out 

claims 11 to 13 . 

„.■ A method of converting cinematographic film to 
corresponding electrical signals substantially as 
hereinbefore described with reference to the 
accompanying drawings. 

16 Apparatus for converting cinematographic film to 
corresponding electrical signaXs suhstantrally as 
hereinbefore described with reference to the 
accompanying drawings . • ; • - ] ■, 
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